SUMMARY Serine esterases were detected in the granules of mucosal mast cells from rat, mouse, sheep, and man. Successful demonstration of enzyme activity required brief fixation (6 h) of tissues in 4% paraformaldehyde. Staining with naphthol AS-D chloroacetate produced an intense red reaction product in intraepithelial mucosal mast cells (globule leucocytes) and mucosal mast cells within the lamina propria of the gastrointestinal tract. The mast cell identity of cells stained for esterase was confirmed by sequential staining with toluidine blue (pH 0.5). Furthermore, the numbers of cells detected after staining for esterases or with toluidine blue were highly correlated. Esterase The inhibition of esterase staining with the serine esterase inhibitor phenylmethylsulphonyl fluoride was investigated. Sections were incubated overnight at 4°C in 2 mM or 4 mM phenylmethylsulphonyl fluoride dissolved in the substrate buffer solution as described in method 3. Control sections were incubated in substrate buffer alone. After incubation, sections were stained for enzyme as described in method 3.
The following inhibitors'8 were also investigated on sections of human and sheep tissues: soybean trypsin inhibitor type 1-S (Sigma) 1 mg/ml; chicken egg white ovoinhibitor type IV-O (Sigma) 1 mg/ml; L-1-tosylamide-2-phenylethyl chloromethyl ketone (Sigma) 0-35 mg/ml; and N-P-tosyl-L-lysine chloromethyl ketone (Sigma) 0-35 mg/ml. All inhibitors were dissolved in substrate buffer solution at the concentration shown, and sections were preincubaeed for 30 minutes before enzyme staining. Inhibitors were also incorporated in the substrate solution during staining. (Fig. 2) , and, although in general the localisation of the reaction product was good, a few cells showed some diffusion of enzyme activity. As in the mouse, weak staining was also noted in a non-mast cell population of cells predominantly within the blood vessels of the sub-mucosa, which were subsequently identified as neutrophils. Light brown staining was also seen in the basal region of enterochromaffin cells. This was a non-specific reaction, however, since similar coloration of these cells was observed in control sections stained with Fast Garnet azo dye alone.
Sheep
Globule leucocytes in the abomasa of immune sheep stained moderately well, with good localisation of the red reaction product within the globules (Fig. 3) . Mucosal mast cells in these animals stained less intensely (Fig. 3) previously fixed for the optimal period of 6 h in paraformaldehyde, were stained with NASDCA and Fast Garnet GBC salt. The effect on the staining reaction of tris-maleate buffers of pH 7-1, 7-5, 8-0, and 8 5 was examined and the results are summarised in Table 3 . Optimal staining for both species was obtained at pH 7-5.
INHIBITORS
When compared with control sections, staining of human and sheep mast cells with NASDCA and Fast Garnet GBC salt in the presence of soybean trypsin inhibitor type I-S, chicken egg white ovoinhibitor type IV-o, L-1-tosylamide-2-phenylethyl chloromethyl ketone, and N-P-tosyl-L-lysine chloromethyl ketone was undiminished. Total inhibition of mast cell staining, however, was achieved when sections from sheep and human tissues were preincubated with 2 mM phenylmethylsulphonyl fluoride. Some staining of mast cells remained in rat and mouse sections incubated with the inhibitor, but this was totally abolished after treatment with 4 mM phenylmethylsulphonyl fluoride.
STAINING WITH NAPNE
A further esterase substrate, NAPNE, was substituted for NASDCA and mast cells in the four species examined for esterase reaction product. Esterase positive cells were detected, although staining was rather diffuse, with poor localisation of reaction product (Fig. 2) . The distribution of stained cells in the four species, however, was similar to that seen after staining with NASDCA (Fig. 2) . Sequential staining of NAPNE stained section with alcian blue confirmed the mucosal mast cells identity of these NAPNE stained cells (Fig. 2) . NASDCA has been previously used as a histochemical reagent for the localisation of connective tissue mast cells9 and is also hydrolysed by chymotrypsin, trypsin, and a variety of esterases.23 But the observation in the present study that mucosal mast cell enzymes hydrolysed NAPNE conferred a further degree of specificity to the histochemical reaction, since the hydrolysis of this substrate is restricted to enzymes with a chymotrypsin like subrate specificity. 24 The rat mucosal mast cell enzyme, RMCPII, has been shown to be a chymotrypsin like serine protease25 and the present results would therefore indicate that similar enzymes are also present within mucosal mast cells of sheep, mouse, and man. These chymotrypsin like enzymes may be present in association with other trypsin like enzymes, since the latter have been shown in human connective tissue mast cells8 and pulmonary mast cells26 as well as in mouse mastocytoma cells.27 Attempts in the present study to characterise further the mucosal mast cell esterases with specific inhibitors were unsuccessful. This failure may reflect the inability of these inhibitors totally to abolish enzyme activity such that residual enzyme may be able to hydrolyse sufficient substrate to form a reaction product indistinguishable from that in controls.
Although there has been controversy over the relation between mucosal mast cells and globule leucocytes, histochemical and ultrastructural studies in both ruminants and rats strongly suggest that globule leucocytes are intraepithelial mucosal mast cells2' [28] [29] [30] [31] and that mucosal mast cells are derived from bone marrow precursors which differentiate under the influence of T cell derived interleukin 3.3 That the granules of mucosal mast cells and globule leucocytes in infected sheep32 and rodents'2 all contained serine esterases is a further indication of the relation between mucosal mast cells and globule leucocytes. More conclusive evidence for this relation is the recent observation that the granules of rat mucosal mast cells and globule leucocytes contain the mucosal mast cell specific protease RMCPII. 33 The latter finding, the present results, and previous observations on isolated ovine mucosal mast cells and globule leucocytes are all in accord 383 with the view that mucosal mast cells and globule leucocytes are of a common lineage35 and refute the proposition that globule leucocytes develop, sui generis, from an unknown precursor cell. 36 Although the function of these mucosal mast cell enzymes remains unknown, the presence of similar chymotrypsin like serine esterases within mucosal mast cells of all four species studied suggests an important role for these enzymes, particularly in diseases which feature mucosal mast cell hyperplasia.
